Cotton fiber development transition from elongation to secondary cell wall biosynthesis 15 is a critical growth shifting phase that affects cotton fiber final length, strength and other properties.
time points 15, 19, 25, and 27 dpa. Approximately 800 mg fibers were finely ground with liquid Pilot 4.0; AB SCIEX) against the corresponding genome databases using the Paragon algorithm. An 117 automatic decoy database search strategy was employed to estimate the false discovery rate (FDR) 118 using the PSPEP software integrated in the Protein Pilot. Proteins were identified using the following 
125
(KEGG) pathway enrichment analysis were performed with identified differentially expressed 126 proteins [13, 14] . Once p < 0.05, the GO term or pathway was regarded as a significant enrichment.
127

Quantitative real-time PCR (qRT-PCR)
128
Total RNA was isolated from fiber samples using a Total RNA Isolation Kit (Biorbyt, San investigate the interspecific divergence of fiber development between Gh and Gb, we determined the day) within each species declined sharply after 19 dpa, whereas a higher fiber elongation rate 145 occurred in Gb at later periods ( Figure 1B) . This identified prolonged fiber elongation in Gb cotton,
146
consistent with prior reports [10] . Plant cell wall thickening usually is the effect of secondary cell wall 147 biosynthesis. Fiber cell wall thickness was also examined using TEM. It showed that the fiber cell 148 wall thickness has no apparent difference between two cotton species during the fibers rapid 149 elongation period. Fiber cell wall thickening initiation in Gh cotton was at 19 dpa, beyond that time 150 point the cell wall thickness dramatically increased, but the onset of cell wall thickening in Gb fibers 151 had a delay, starting at around 23 dpa ( Figure 1C) . Compared with Gh, a faster thickening rate was Gh and Gb development respectively, involving the transition phase from elongation to secondary 155 cell wall deposition. Prior studies of the two near-isogenic cotton lines showed that the transition to 156 secondary wall deposition correlates with their fiber bundle strength differences, and the duration of 157 this transition stage may determine cotton fiber length, as well as other properties [15] . Importantly,
158
the prominent phenotypic differences between these two cotton species does suggest an 159 asynchronous fiber developmental pattern in transition from elongation to secondary cell wall 
Proteomic analysis of cotton fiber development
168
To shed light on the mechanisms controlling fiber development, we examined proteome changes 169 during fiber rapid elongation and structurally thickening stages. The eight-plex iTRAQ experiments 170 allowed for a detailed comparison of cotton fiber protein expression differences at adjacent periods
171
(15-19, 19-23, and 23-27 dpa). A total of 1197 proteins were successfully identified at a 95% confidence corresponding to at least a 1.5-fold change and a P value of < 0.05 were considered to be differentially identified at those adjacent developing time points
178
To classify these DEPs, we performed the GO term enrichment analysis, which was divided into 179 molecular function, biological processes, and cell composition ( Fig. 2 
198
To comprehend pathways in the fiber development, we also preformed KEGG enrichment 199 analysis on those DEPs. It showed that several key metabolism and protein-related biochemical 200 pathways were significantly enriched (FDR < 0.01) (Fig. 3) we noted that the DEPs quantities are unequally distributed between the adjacent time points in each 216 cotton specie (Fig. 4) . Twenty (15-19 dpa), 57 (19-23 dpa), and 35 (23-27 dpa) DEPs were identified in
217
Gh, and 23 (15-19 dpa), 23 (19-23 dpa) and 48 (23-27 dpa) DEPs were found in Gb, respectively. There 218 is a distinct developmental period in both cotton species where the identified DEPs 219 were almost double in comparison with those of all other periods, representing a burst 220 stage in protein differential regulation (Fig 4.) . Interestingly, the identified largest amount of DEPs
221
was between 19 and 23 dpa in Gh, having a total of 57 DEPs, whereas the maximum number of DEPs 222 was instead of presenting at the same time intervals, and that happened between 23 and 27 dpa in 223 Gb, with 48 DEPs (Fig 4. 
245
The fiber development transition experiences extreme morphological changes from elongation 246 to cell wall thickening and generates significant protein expression variation among Gh and Gb. To 247 gain insight into the cotton fiber development transition, the DEPs from these distinct periods for 248 both species (19-23 dpa for Gh vs. 23-27 dpa for Gb) were profiled and compared on basis of biological 249 process. In the stage, 31 upregulated and 26 downregulated proteins were identified in Gh cotton,
250
while 27 upregulated and 21 downregulated members were recorded for Gh cotton fibers. Notably,
251
we found that Gb and Gh indeed shared a highly similar development when these two stages, 19-23 252 dpa for Gh and 23-27 dpa for Gb, were compared under the biological processes. Function 253 comparative analysis revealed changes in several key biological processes, identified by DEP number 254 in each category, with significant similarity between the two species. In both cottons, the upregulated 255 proteins were mainly involved in carbohydrate metabolism, oxidation-reduction, cytoskeleton 256 organization, response to calcium ion, proteolysis, glycolysis, lipid metabolism, signal transfection,
257
protein folding and transport process, whereas the downregulated proteins were mainly involved in 258 ribosome biogenesis, secondary metabolism, signal transduction, nucleic acids processing, protein 259 folding and amino acid metabolic processes, among others (Fig. 5) . 
287
(CESA8), endoglucanase (EG), and pectinesterase (PME), which have all been reported to be involved 288 in cell wall biogenesis and important for cotton fiber production and quality [24, 25] . It is noting 289 worth that of those DEPs, the PME is one of the most substantially regulated proteins, having a 11.29 290 and 17.45-folds increase in Gh and Gb, respectively (Table 1) . Indeed, plant PME catalyzes the de- 
293
with Gh, a higher-fold PME upregulation occurred in Gb fibers at the transition phase, consistent with 294 prior reports that a higher PME activity was found during the later stages of cotton fiber development
295
[25]. In Gb cotton fibers, other several key carbohydrate metabolism pathway enzymes, SUS, SUSL,
296
EG and CESA8 also showed much more folds expression upregulation, suggesting Gb fiber transition 297 has a superior carbohydrate metabolism than the transition in Gh. Meanwhile, several proteins 298 distinct to both species were detected in proteomic analysis, such as upregulated UDP-D-glucose 299 dehydrogenase in Gb, and reinforced expressed acid beta-fructofuranosidase-like protein in Gh.
300
These results suggest that stage-specific, upregulated critical enzymes in carbohydrate metabolism 301 pathways would facilitate fiber cell wall developmental transition and might contribute to the 302 variation in fiber traits between species. Furthermore, secondary wall cellulose micro-fibril formation 303 in cotton fiber cells is an energetically costly process [2] . Multiple proteins involved in glycolysis,
304
TCA cycle, including enolase, ADP/ATP carrier proteins, pyruvate dehydrogenase E1 component 305 subunit beta-3 and glyceraldehyde-3-phosphate dehydrogenase, presented in the up-regulation 306 category, suggesting that 'energy' production is still active cellular process at fiber transition stage 307 and might be a basis of the fiber physiological changes. 
339
Fiber cell morphology is largely determined by the highly dynamic cytoskeleton architecture. In 
353
In particular, among these DEPs, it appears that Ca 2+ -signaling pathways are involved in fiber 
Validation of differently expressed proteins by qRT-PCR
399
To examine whether the differences in abundance were consistent with the differences at the 
403
The qRT-PCR analysis indicated that expression patterns of 9 mRNA abundance (75% of 12 404 proteins) were highly consistent with the protein data, while the remained 3 proteins (25%) were 405 partially consistent (Fig. 7) . Nevertheless, the transcript and protein levels of ANN and CHI
406
conflicted at 19-23 dpa. As has been noted previously, mRNA levels do not always correlate well with 
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